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* .  1. 

b 

PURPOSE 

A c o n t r a c t  was i s s u e d  t o  C o l l i n s  Radio Company on J u l y  1, 1963, 
by t h e  George C .  Marsha l l  Space F l i g h t  Cen te r  t o  de t e rmine  t h e  

p r a c t i c a b i l i t y  of b u i l d i n g  narrow bandwidth r i n g  coupled  mechan- 

i c a l  f i l t e r s  employing I n t e g r a l  d i s k - r i n g  e l emen t s .  

To accompl ish  the  above goal,  the program was d i v i d e d  I n t o  f i v e  

a r e a s  : 

Define mechanica l  dimensions o f  t h e  disk-ring e lemen t s  con- 

s i s t e n t  w i t h  machine p r a c t i c e s .  

Obta in  and measure d i s k - r i n g  e l emen t s  t o  de te rmine  t h e  d i s -  

t r i b u t i o n  of  mechanical  dimensions.  

Define d i s k  dimensions r e q u i r e d  u s i n g  mathemat ica l  models 

f o r  mechanical  f i l t e r s .  

Compare t h e  r e s u l t s  o f  ( 2 )  and ( 3 ) .  

Build and test complete  r i n g  coupled  f i l t e r s .  

I 

i 
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2. ABSTRACT 

Work performed under the con t rac t  has shown that machined disk- 

ring elements,  because of present  day machining to l e rance ,  are  

not  s u i t a b l e  f o r  manufacturing mechanical f i l t e r s  having 

s t r i n g e n t  bandwidth requirements.  

. 
~ 

I 
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3. F A C T U A L  DATA 

3.1 Integral Disk-Ring  Elements 

Machined d i s k - r i n g  elements ( F i g u r e  1) were r e c e i v e d  and 

i n s p e c t e d  u s i n g  high-powered mic roscop ic  and compara tor  

t y p e  i n s t r u m e n t s ,  D i s t r i b u t i o n  o f  t h e  three most c r i t i c a l  

d imens ions ,  r i n g  o u t s i d e  diameter, r i n g  t h i c k n e s s  and  r i n g  

h e i g h t ,  f o r  i h e  p a r t s  of F i g u r e  1, i s  shown i n  F i g u r e s  2,  

3 and  4.  T o l e r a n c e s  were g e n e r a l l y  met w i t h  t he  e x c e p t i o n  

o f  r i n g  h e i g h t ,  which v a r i e d  k.002" a b o u t  a mean. As a 

r e s u l t  of' c o n f e r e n c e s  with o u r  vendors  and  mechanica l  

e n g i n e e r s ,  a p r a c t i c a l  l i m i t  on r i n g  t o l e r a n c e s  was estab-  

l i s h e d  a t  +.0005". 

I n  order  to p r e d i c t  the  e f f e c t  o f  v a r i a t i o n s  i n  r i n g  para-  

meters on bandwidth,  a s t u d y  was made o f  t h e  mechanica l  

f i l t e r ' s  ana logous  e l e c t r i c a l  c i r c u i t  (see Appendix 6 . 1 ) .  

Through t h e  s t u d y ,  i t  was l e a r n e d  t h a t  for r i n g  t o l e r a n c e s  

o f  + . O O O 5 " ,  bandwidth could  v a r y  as  much as  fl3.24&. The 

a l l o w a b l e  v a r i a t i o n  i n  bandwidth, t o  meet  t h e  s ideband  

s p e c i f i c a t i o n  ( C P N  526-9445-00), was found t o  be  l ess  t h a n  

+6$, which c o r r e s p o n d s  to  ring t o l e r a n c e s  o f  ? . 0 3 3 2 " .  

Bandwidths o f  epoxy bonded d i s k - r i n g  e l emen t  p a i r s  ( F i g u r e  1) 

v a r i e d  approx ima te ly  f20$, which was a s l i g h t l y  smaller 

v a r i a t i o n  t h a n  p r e d i c t e d  (226.4%) f o r  t o l e r a n c e s  of  k. 001". 

Response c u r v e s  f o r  f i v e  epoxy bonded f i l t e r s ,  u s i n g  t h e  

e l e m e n t s  of F i g u r e  1, are shown i n  F i g u r e s  7 through 16. 

-3- 
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F i l t e r s  E-1  and E-2 were f o u r  d i s k  f i l t e r s  while E - 3  th rough 

E-5 were f i v e  d i s k  f i l ters ,  Figures 17 and 18 are response 

c u r v e s  f o r  a f i v e  d i s k  conven t iona l  d i s k  and w i r e  edge- 

coupled  f i l t e r  having  approximate ly  the same bandwidth and  

c e n t e r  f r equency  as t h e  r i n g  coupled  f i l t e r s .  A comparison 

o f  s p u r i o u s  p l o t s  between the  edge-coupled f i l t e r  and  t h e  

v a r i o u s  r i n g - c o u p l e d  f i l t e r  shows t h e  advantage  o f  t h e  r i n g  

c o u p l i n g  t e c h n i q u e  i n  r educ ing  s p u r i o u s .  T h i s  e f f e c t  i s  

e s p e c i a l l y  n o t i c e a b l e  on the  h i g h  f r equency  s i d e  o f  t h e  

passband.  

D i sk - r ing  e l e m e n t s  ( F i g u r e  5 )  were o r d e r e d  hav ing  t h e  c o u p l i n g  

r i n g  on one s i d e  o n l y ,  C o n s t r u c t i o n  o f  t h i s  type  s i m p l i f i e d  

tuning of the disks t o  the desired f r equency  and epoxy bond- 

i n g  the  e l e m e n t s  t o g e t h e r .  These e l emen t s  were r e c e i v e d  

w i t h  o n l y  a few days  remaining i n  t h e  c o n t r a c t  and, there-  

f o r e ,  were i n s p e c t e d  on a sample b a s i s .  Sample i n s p e c t i o n  

i n d i c a t e d  t h a t  t o l e r a n c e s  were g e n e r a l l y  m e t .  These 

i n d i c a t i o n s  were a l s o  r e f l e c t e d  i n  t h e  small v a r i a t i o n  i n  

bandwidth (k9.5$) o f  s e v e r a l  epoxy bonded d i s k  p a i r s  shown 

ir! T z ~ h l e  I ,  Response cu rves  f o r  a f i v e  d i s k  epoxy bonded 

f i l t e r ,  u s i n g  t h e  e lements  of  F i g u r e  5, are shown i n  F i g u r e s  

19 and 20. 
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EAXDWXDTHS FOR EPOXY BONDED DISK 
PAIRS USING THE ELENENTS OF FIGURE 5 

P a i r  - 
1 
2 
3 
4 
5 -  
6 
7 
8 '  
9 

3.2 Separate Disks and Rings 

Bandwidth - (KC), 

2.07 
2.04 
2.02 
1.99 * 

1.99 
1.85 
1.75 
1.71 
1.81 

A method of  reducing r i n g  to l e rances  was i n v e s t i g a t e a  by 

u s i n g , t h e  A n i c k e l  tubing of Figure 6 as the coupling 

r i n g .  

less than *7$ about a mean, thus demonstrating the much 

smaller dimensional to le rances  a s soc ia t ed  wi th  the tubing.  

Three epoxy bonded f i l t e r s  were constructed.  F i l t e r  ER-1 

(FiguPee 21 and 22) was a f l v e  disk  f i l t e r  while ER-2 and 

ER-3 (F igures  23 through 26) were e ight  d i s k  f i l t e rs .  

widths were somewhat w i d e r  than f i l t e rs  made from integral disk- 

ring elements due t o  the d i f f e r e n t  va lues  of Youngs modulus 

f o r  Ni-Span "C" and A n i c k e l .  I n  the  e ight  disk filters 

t h e  loss of d i s k  Q j  due to  epoxy, becomes apparent  i n  the 

"rounding" of the passband edges. 

A technique employing solder t o  bond d i s k s  and rings was 

also s tudied .  I n  t h i s  technique a small groove, w i t h  a 

mean diameter equal  t o  t ha t  of the coupling ring, was 

11 11 

Bandwidths of seve ra l  epoxy b'onded d i s k  pairs va r i ed  

Band- 

I t  I t  
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machined on the  s u r f a c e  o f  t h e  d i s k  t o  be bonded and  f i l l e d  

w i t h  solder, T o  make disk pairs,  two such  d i s k ;  and  t h e  

r i n g  of F i g u r e  6 were p o s i t i o n e d  i n  a j i g  and p l a c e d  i n  a n  

oven, t h u s  m e l t i n g  t h e  s o l d e r  and formifig a bond betweer! 

d i s k s  and  r i n g .  Bandwidths o f  s e v e r a l  d i s k  p a i r s  v a r i e d  

+13.6$ a b o u t  a mean, These p a i r s ,  whi le  l ess  c o n s i s t e n t  i n  

bandwidth,  were stronger and more producible than  epoxied 

p a i r s  u s i n g  t h e  same e l emen t s .  The i n c r e a s e d  bandwidth 

v a r i a t i o n  i n  s o l d e r  bonded p a i r s  m u s t  have  been caused  by 

bonding i n c o n s i s t e n c i e s  because the  same t y p e  o f  c o u p l i n g  

r i n g  ("A" n i c k e l  t u b i n g )  was used  i n  b o t h  c a s e s .  Response 

c u r v e s  f o r  s i x  s o l d e r  bonded f i l t e r s  are  shown i n  F i g u r e s  

27 t h rough  38. 

t i o n  o f  SR-4 ( F i g u r e s  33 and  34)  which u s e d  e i g h t  d i s k s .  

Some f a b r i c a t i o n  problems e x i s t  as ev idenced  by spur io l i s  

r e s p o n s e s  i n  t h e  passband and passband edges ( see  F i g u r e  29 

f o r  example) .  To alleviate the problem, f u r t h e r  work needs ..+ 

t o  be done i n  v a r y i n g  t h e  groove wid th  and  dep th ,  t r y i n g  

d i f f e r e n t  s o l d e r  composi t ions ,  e t c .  

One s o l d e r  bonded f i l t e r  (SR-3, F i g u r e s  31 and  3 2 )  was 

encased ,  s u b j e c t e d  t o  20 G I s  v i b r a t i o n  ( P a r a g r a p h  2.2 o f  

526-9430/9444-00) and  100 G I  s shock ( Parag raph  2.3 of  526- 

9430/9444-00) and showed no measurable  change i n  e l e c t r i c a l  

c h a r a c t e r i s t i c s  subsequent  t o  t h e  tests. During v i b r a t l o n ,  

a l l  a m p l i t u d e  modu la t ion , in  t h e  f r equency  r a n g e  of 55 c p s  

All f i l t e r s  had f i v e  d i s k s  w i t h  t h e  excep- 

j 

i i 
i 
1 
1 

I 

i 
i 
I 
I 1 
, 
I 

1 
i 
j 

, 
! 

I 
f 

I 
! 

I 
i 

i 
I 
i 
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t o  2000 cps,was a t t enua ted  by grea te r  than  60 d b .  While no 

epoxy bonded filters were given shock and v i b r a t i o n  tests 

1 
j under  t h i s  c o n t r a c t ,  p a s t  f i l t e r s  have withstood 50 GIs ~ 

I 
shock and 10 G I s  v i b r a t i o n  w i t h  mechanical f a i l u r e  occurr ing  i 

I 
a t  20 GIs v i b r a t i o n .  

! 

i 

! 



4. CONCLUSIONS 

With t o l e r a n c e s  on machined d i s k - r i n g  elements held t o  a minimum, 

bandwidth v a r i a t i o n  c o u l d  s t i l l  exceed  t h a t  a l l o w a b l e  t o  meet t h e  
, , . , ' x - . >  A,-, $ -L 

h b '  . .. s i d e b a n d  spec i f i ca t ion . ,Consequen t ly ,  a low y i e l d  r a t e  and  n igh  

c o s t s  would be e x p e c t e d  f o r  t h i s  t y p e  o f  f i l t e r .  

Epoxy bonded f i l t e r s  employing s e p a r a t e  d i s k s  and r i n g s  would 

approach  the  n e c e s s a r y  bandwidth c o n s i s t e n c y .  However, I t  i s  

d o u b t f u l  t h a t  any epoxy bonded f i l t e r ,  u s i n g  p r e s e n t  bonding 

t e c h n i q u e s ,  would w i t h s t a n d  t h e  shock  and v i b r a t i o n  r e q u i r e m e n t s .  

Also, t h e  l o s s  o f  d i s k  "Q", due t o  epoxy, would h i n d e r  t h e  

f i l t e r ' s  passband r e s p o n s e .  

S o l d e r  bonded f i l t e r s  u s i n g  s e p a r a t e  d i s k s  and r i n g s ,  wh i l e  

c a p a b l e  of withstanding shQck and v i b r a t i o n ,  would e x h i b i t  more 

bandwidth v a r i a t i o n  t h a n  a c c e p t a b l e  t o  meet t h e  s ideband  s p e c i f i -  

c a t i o n .  However, some improvement i n  bandwidth c o n s i s t e n c y  

s h o u l d  be p o s s i b l e , b e c a u s @  it is! known t h a t  d imens iona l  t o l e r a n c e s  

a c c o u n t  for o n l y  half  o f  the  t o t a l  bandwidth v a r i a t i o n  e x p e r i e n c e d .  

The o t h e r  h a l f  must be  due t o  bonding t e c h n i q u e s ,  which s h o u l d  

be  c a p a b l e  o f  improvement. 

i, 1 ," 

WE, thrrn,, bII Ivugh s n l d e r  bonding t e c h n i q u e s ,  a v e r y  r i g i d  and exceed-  
/ 

i n g l y  s t r o n g  mechanica l '  f i l t e r  h a s  been devel-oped. T h i s  f i l t e r  

e x h i b i t s  c o n s i d e r a b l e  r e d u c t i o n  i n  s p u r i o u s  r e s p o n s e s  o v e r  con- 

v e n t i o n a l  edge-coupled mechanical  f i l t e r s .  With some a d d i t i o n a l  

development ,  t h i s  f i l t e r  shou ld  be c a p a b l e  o f  mass p r o d u c t i o n  t o  

a s p e c i f i c a t i o n  w i t h  less c r i t i c a l  r e q u i r e m e n t s  t h a n  t h e  s i d e b a n d  

s p e c i f i c a t i o n .  

-8- 
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5 RECOMMENDATIONS 

A s  demimstrated by t h e  preceding work, s o l d e r  bonded f i l t e r s  

u s i n g  s e p a r a t e  d i s k s  and  rings are e x c e p t i o n a l l y  s t r o n g  and  com- 

p a r a t i v e l y  easy t o  b u i l d .  It i s ,  t h e r e f o r e ,  recormended t h a t  

any fhr ther  s t u d y  be c o n c e n t r a t e d  i n  t h i s  area. Suc’i a s t u d y  

s h o u l d  i n c l u d e  a n  i n v e s t i g a t i o n  o f  t h e  f o l l o w i n g  f a b r i c a t i o n  

problems:  

(1) Groove wid th  and d e p t h  

( 2 )  S o l d e r  composi t ion  

(3) J i g g i n g  

I n  a d d i t i o n ,  d e s i g n  goals s h o u l d  be changed t o  encompass a 

f i l t e r  such  as t h e  f r equency  s e l e c t o r s  (CPN 526-9430/9444-00) 

where bandwidth tolerances are n o t  as c r i t i c a l .  

-9- 
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6 . 1  Parameter S tudy  o f  Mathematical  Model for Mechanical F i l t e r s  

I n  o r d e r  t o  p r e d i c t  the e f f e c t  o f  v a r i a t i o n s  i n  r i n g  p a r a -  

meters on bandwidth,  i t  was necessa ry  t o  i n v e s t i g a t e  t h e  

mechanica l  f i l t e r s  ana logous  e l e c t r i c a l  c i r c u i t .  I n  t.he 

c i r c u i t  of  F i g u r e  I, induc tance  i s  ana logous  t o  a s p r i n g  and 

c a p a c i t a n c e  i s  ana logous  t o  a mass. I f  t h i s  c i r c u i t  i s  de- 

s i g n e d  on a n  image pa rame te r  basis, t h e  e l emen t  values are 

d e f i n e d  a s  f o l l o w s :  

Rn - - Rn 
+ w2 201 + BW (1) LR = 

I 

- _. wnere: 

LR = e q u i v a l e n t  i nduc tance  of t h e  c o u p l i n g  r i n g  

LD = e q u i v a l e n t  i nduc tance  o f  t h e  d i s k  

CD = e q u i v a l e n t  c a p a c i t a n c e  of the d i s k  

w1 = lower  c u t o f f  f requency 

u2 = Gp=er c u t o f f  f requency 

BW = w 2 - 
Rn = d e s i g n  impedance 

I 
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. .  

' 

S u b s t i t u t i n g  t h e  e x p r e s s i o n  f o r  Rn o b t a i n e d  from ( 3 )  i n t o  (1) 

w e  f ind:  

(4) LR = 4 
CD(2wl + BW)BW 

The c o u p l i n g  i n d u c t a n c e  LR i n  t h e  e l e c t r i c a l  ana logy  c a n  a l s o  

be e x p r e s s e d  i n  terms of t h e  mechanica l  dimensions:  

( 5 )  LR = 1R. 
ARE 

Where : 

A R  = c r o s s  s e c t i o n a l  a r e a  of c o u p l i n g  r i n g  

E = Youngs Modulus 
lR = t o t a l  l e n g t h  o f  coupl ing  r i n g  ( s p a c i n g  between d i s k s )  

From F i g u r e  11, i t  can  be shown tha t :  

AR = B TR (DR - TR) 

7 *R 

F i g u r e  I1 Cross S e c t i o n a l  V i e w  o f  Coupl ing Rinq 

For  DR >>TR 

( 7 )  AR 7T TR DR 

Combining e q u a t i o n s  (4), ( 5 )  and  ( 7 )  

4 I R  
CD ( 2 9  + BW)BW TE TR DR 

( 8 )  

-50- 



F i g u r e  I11 shows a p l o t  of  e q u i v a l e n t  mass v e r s u s  normal ized  

d i s t a n c e  from the  c e n t e r  o f  a d i s k  of  r a d i u s  a,  v i b r a t i n g  i n  a 

two noda l  c i r c l e  f l e x u r a l  mode, (l) The two p o i n t s  o f  d i s c o n t i n u i t y  

r e p r e s e n t  t h e  nodal  c i r c l e s  where the  v e l o c i t y  i s  z e r o .  

c o u p l i n g  r i n g  i s  p l a c e d  a t :  

The 

For v e r y  S m a l l  v a r i a t i o n s  i n  r ( A r  S ,001") w e  can  approximate  

t h e  c u r v e  w i t h  a s t r a i g h t  l i n e  i n  t he  r e g i o n  o f  i n t e r e s t .  

( 9 )  CD = Meq 246 DR -27.4 f o r  .124"sDRs .126" 

S u b s t i t u t i n g  ( 9 )  i n t o  ( 8 )  and l e t t i n g  K = 47rE w e  have: 

To f i n d  - dBW ( t h e  f r a c t i o n a l  change i n  bandwidth)  from e q u a t i o n  
BW 

f q n l  1 IW), c-,-,-+ L A  L u u  1 2s t h e  dependent v a r i a b l e  and wr i te :  'R 

With lR e x p r e s s e d  as a f u n c t i o n  o f  three independen t  var iab les  

w e  can  f i n d  t h e  t o t a l  d e r i v a t i v e  o f  lR as a f u n c t i o n  of  t h e  

p a r t i a l  d e r i v a t i v e s  of lR and t h e  t o t a l  d e r i v a t i v e s  of t h e  

independen t  v a r i a b l e s .  

dDR + alR dBW ( 1 2 )  d l R  = - alR dTR + - "R - 
aTR, a DR a B W  

Taking t h e  p a r t i a l  d e r i v a t i v e s  and d i v i d i n g  b o t h  sides of t h e  

e q u a t i o n  by lR w e  have:  

Roshan La1 Sharma " A x i a l l y  Symmetric V i b r a t i o n s  o f  a Thick C i r c u l a r  
D i sk"  C o l l i n s  Radio Company ( u n p u b l i s h e d )  



. I  

Solving equation (13) for  dBW and letting BW = 2-r 3 KC, o1 - 
2r 455 KC and .124'kDRC .126" we find: 

rn 

We now have an expression f o r  the fractional change In bandwidth 

in terms of the fractional changes In ring dimensions. 

ing dimensional tolerances of k.001, the possible variation in 

bandwidth would be: 

Consider- 

If all ring tolerances were reduced t o  a machining practical 

limit of f.OOq5", the p O 8 8 i b l e  variation in bandwidth would be: 
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3 

) UNLESS OTHERWISE SPECIFIED 
DIMEhSIONS ARE IN  INCHES 

TOLERANCES ON 
FRACTIONS DECIMALS ANGLES 
2: /54 - - . V W J  --I 

- nn: * ? Y  

*then part number appears as 526-9W;!X09, i . ; i l i t a y  Inspec t ion  is reGuked. 

CODE IDENT SIZE 

526-9LL5-004 A 
iuo. 

95105 
~ 

SCALE N O N E  'WT 

'hen p a r t  nwnber appears as 526-9Us-011, t h e  r e q u i r e a e n t s  skiall be changed as 
fo l lows  : 

(a) Paragraph 1.2., the 1.5 db a t  -25°C is changed t o  r e a d  1.5 db at 
O*C,and THZ,/.7dbAr t B P C  /J CMAMc€d' 7d R6x7 A7dd A7 +dO"C. 

( 5 )  Pa;.agra?h 1.3.2., t h e  -25°C is changed io read 0°C and +6Q°C, 
paragraph 1.3.3. is deleted.  

When part number appears as 526-94.45-021, t h e  requirements shall be changed as 
follows t 

(a) Para.  1.2. The peak t o  v a l l e y  r a t i o  s k . a l l  not exceed 3.0 do frorr, O'C 
t o  +sO°C, other requirements s h a l l  be de le ted .  

(b) Para. 1.3.L "?-.e f requency s n a l l  be lr55.12  ax. a7a 457.80 mh. a t  
3.0 db down. Cther  requirements shall not change. 

(c )  Para. 1.3.2. Tem.perature shall 5e cnanged f rom -25°C t o  C n C .  Tiye 
frequency shall be hS5.lil m a .  and L57.80 nin ,  a t  3.0 a b  down. 
requirements  s h a l l  not  change. 

Other 

(d)  P k a .  1.3.3. Temperature shall be cha,?ged from +&*C to t50"C. The 
frequency aha33 be bSS.lb max. ana 457.W min. at  3.0 db down. 
requirements  s h a l l  not change . Other 

( e )  Para. 1.4. Tne i n s e r t i o n  loss snall not  exceed 10 db. 

(f) Para. 1.5. Tt.e spur ious  response s n d i  not  exceed 35 a D  f r o n  L G ~  kc t o  
500 kc. Other requirements  s h a l l  be deleted.  

(e )  Para, 1.6, The -25.C and +bS'C r equ i r enen t s  sh 1 be changed t o  O0C 

( h )  
and +sO°C.  ffEFEi?ENCE ONLY 
Delete paraflraphs 2.2. 2.3 and 2.L. 

1.1 Irn?edance.- 
p r e s e n t s  bo0 oiLlls r e s i s t i v e  in?ut  and output  ixpedance. 

The f i l ters s h a l l  be used a d  t e s t e d  i n  a c i r w f t  t h a t  
Ti4e f-,;ers 

w i l l  be s e r i e s  rcsonated, no lixits being placed on t he  v d u e  of 
r e sona t ing  c a p a c i t y  needed. (Nominal va lue  l.40 uuf.) '%e 
r e sona t ing  c a p a c i t y  shall n o t  be v a r i e d  when running tcn?era ture  
tests . 

I 

1 
1 

i 
I 
1 



1.2 

1.3 

1.3.1 

1.3.2 

1.3.3 

1.4 

DIMENSIONS ARE IN INCHES 

Peak t o  v a l l e y  ratio.. 
s h a l l  no t  exceed: 

The peak t o  valley r a t i o  i n  t h e  ?assband 

S:E I NO. 

1.0 db a t  +2S0C 
1.5 db at  -25°C 
I.? db at 4g.C 

F RACT10hS DECIMALS ANGLES 
2 1  /64 r.005 '1" 

~- 

Selectivity.- The bandpass c h a r a c t e r i s t i c s  s h a l l  be as fo l lo t rs :  

, 
SCALE NONE WT Sil-rEET 3 

+25"C 

DB Down From 
Peak 3esponse 

45 
3 

1.2 
1.2 

3 
45 

-25°C 

DB Down From 
Peak 2csponse 

+05'C 

DB Dawn From 
Peak Response 

45 
3 

1.7 
1.7 

Fr eq ue nc y 
Tolerance 

Freque nc y 
Tolerance 

xu. 

Frequexy 
Tolermce 

I n s e r t i o n  loss.- 
passband. 
across  the  load w i t h  t he  f i l t e r  i n  the c i r c u i t  and tP,e f i l t e r  
( inc luding  capac i ty )  ou t  of  the c i r c u i t .  

Tne i n s e r t i o n  l o s s  shall not exceed 6 Cb ir, t n e  
7Ae i r f i e r t l o n  i o s s  i s  the  d i f f e r e n c e  i n  v o l t a g e  (Go)  

I ----_ 
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U N  I= ESS OTH ERWlSE SPEC1 FI ED 

TOLERANCES ON 
FRACTIONS DECINALS ANGLES 

DIMEhSIONS Ak'E IN INCHES 

4 - l U  __ 

I R E V  c 

CODE IDENT SIZE 
k i n  
I V V  

5 26- 9 ! L  5 -GO 95105 A 

1.5 Snurious res?onse.- Any response ou t s ide  the  norna l  passband s h a l l  
n o t  exceed the  fo l lou inz  l i z i t s  when neasured from t h e  level of m a x i m u n  
response w i t h i n  t h e  Dassband: a t  25°C. 

From LOO KC t o  LO5 KC 
From &Os KC t o  k30 KC 
Fron &3O KC t o  LLO KC 
,From LhO KC t o  453.34 XC 
Fron 459.67 t o  L75 KC 
From L75 KC t o  48s KC 
From 485 KC t o  500 KC 

65 dS a t t e n u a t i o n  
30 ab a t t e n u a t i o n  
5G db a t t e n u a t t o n  
65 db a t t e n u a t i o n  
65 db a t t e n u a t i o n  
60 db a t t e n u a t i o n  
65 ab a t t e n u a t i o n  

1.6 ?assband.- 
-18 KC t o  457.bO KC a t  -25°C ana +hs°C. 

Tine passband i s  de f ined  as 455.12 KC t o  LS7.60XC a t  +250C 

2. ENVlilOI"?& 8&uI,WIUTs.- (Not  included i n  Para. 1.) 

2.1 Lo;q.ternperature s to ra re . -  The f i l t e r  s h a l l  be f u i l y  opcrable  i n  i t s  
n o m a l  temperature range a f t e r  -80°F exposure f o r  21; hours.  

2.2 Vibration.-  
Tes t  Condi t ion C, P a r t  2 of ML-ST9-252A dated October 211, 1956, with 
t h e  except ion  t h a t  t he  peak a c c e l e r a t i o n  s h a l l  be 20 G ami t h a t  t hey  
&-e t o  be v i b r a t e d  i n  w,y me d i r e c t i o n  perpendicular  t o  t!!e l eng th  
of the  f i l t e r .  

The f i l t e r s  s h a l l  be t e s t e d  i n  a c c c r d x x e  with :lethoL; 20b, 

2.3 Vibra t ion  modulation.- 
of amplitude such tnat tne f i l t e r  output  i s  1 v c i t  %%, t h e  oKtpat 
shall be monitored t o  d e t e c t  modulation. If rcoculation appears on 
the t e s t  s i C n a l ,  its amplitude shall no t  exceed tiie f o l l o x i n g  l h i t s  
referenced  t o  a 1 v o l t  WS, EIF, 100 pe rcen t  noaulated s igna l .  

D w 5 n ~  v l3 ra= ion ,  -.a t h  a 156.5 KC x 3 z t  s i g n d  

?rcn 55 cps t o  bC3 C?S 
froin ui30 cps i o  :,OX! c p  
From 1,000 cps t o  2,050 c?s 

50 ci5 atter,:iation 
(5  do atteEiiailOri 
30 a b  a t t e n u a t i o n  

" - >  
- <  

Shock.- 
seven (7 )  mi l l i s econd  durar;ion, c o n s i s t l n g  of  f i v e  (5) b l o x s  i n  each 
of two ( 2 )  c i r e c t i o n s ,  i n  each of t h r e e  ( 3 )  a e q e c c i c d l z r  ?lac$. 
This t e s t  s h a l l  be performed i n  accordance wi th  ik tnoa  2G2A of  
MIL-STD-202A, da ted  21, October 1956, and the f i i t e r s  shall e x h i b i t  

The f i l t e r s  snall be capable  o f  Frirthstar,air,z shock, 103 G for a 2.L - 

no p e n a n e n t  degrada t ion  o f  e l e c t r i c a l  p e r f o m  FSEiiENCi;: GNLV 
3. .RECG,VIKEI\IDED OPEiiATING PAXA,NETZRS .- 

3.1 S i p n a l  i n p u t  voltage.-  0 t o  1 v o l t  RYS. 

3.2 D i r e c t  cwren t . -  
t ransducer  c o i l s .  
e l e c t r i c a l  c h a r a c t e r i s t i c s  of Para. 1. 

Shunt feed i s  necessary t o  e l b i n a t e  DC c u r r e n t  ir, 
DC c w r e n t  i n  t ransducer  c o i l s  w i l l  a l t e r  the  

Y 



5. 

DIMEhSIONS ARE IN INCHES 
TOLERANCES ON 

FRACTiOiiS DECIMALS ANGLES 

PRODUCTION 

KO 5 2 6- 9U5 - C 0 
95105 A 

TEST AT co LLI NS mxo COK?IZIZ'Y - 

4.1 Construction.-  I Iermetical ly  sea l ed ,  

Case , -  

Finish.- Nickel  p l a t e ,  me V I ,  Class 2, i n  accordance with tne la tes t  
v e r s i o n  of QQ-S-290, 

Cartridge brass; see Shee t  & f o r  d b e F s i o n a l  detai ls .  - t . 2  

L. 3 

4.L Nmep1ate.- 
a t t a c n e a  t o  t h e  f i l t e r  and s h a l l  i nc lude  the  fo l lowing  data: 

A s u i t a b l e  metal  f o i l  o r  decalcomania nar,epiate shall be 

C o l l i n s  'Type 
S e r i a l  Nmber o r  Date Code S t m p  
Collins P a r t  );umber 

S i l k  sc reen ing  o r  rubber  stamped identification data m a y  be used i n  
l i e u  of  a nameplate. 
l e g i b l e  after s u b j e c t i o n  t o  t he  environmental  t es t s  of Para. 3.  

Tie nameplate shall remain firmly a t t achcd  and 

5.1 Product ion i n s p e c t i o n  tests.- A l l  u n i t s  s h a l l  be t e s t e d  f o r  t h e  
following : 

1. 
2. x e c t r i c a l  requirements of ?=a. 1. 
3. Environmental requirements of  Para. 2. 

V i s u a l  In spec t ion  f o r  xecnanica l  r equ i r emr i t s  ar,d worhanship .  -- 

REFERENCE ONLY 

INPUT 1 OUTPUT 

i i 

t 

i 
i 
! 

i 
I 

:i 

1 
! 
I 

z- 
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6 . 3  Frequency Se lec tor  F i l t e r  Specifications 526-9430/9444-00 



D 0 
Description: 

REFERENCE ONLY 
JUN 25 1364 

I I 
I 

DATE I COLLINS RADIO CGMPANY NAME 
2 6  f i p * l A  

BY PREP K i v t i e y  3 .  !962 NEWPORT BEACH, CALIFORNIA 

byK anflju2d 4 . 2 ~ 4 ~  
PROJ 

PROJ 
ENGR 
DWI: ' 

CHK &,gp&l . 9 I+ 
f A d A  4-2x4 

EAT? 11 May 1962 c 

CODE IDENT 1 SIZE 
i.; 6 +t 526-9~30/9lJ.&-OO 

95105 A 
SCALE NONE WT ]SHEET 1 of L 



I 
1.2.1 

t 
Additional Scloc:lvity ond 

Attonuction Da:o 
frequency 1 db 1 Atten. Tot. 
(YC) *. I 1 

I 

I I I 

I I I I 
I 

t 

I 
I 
I l 

o 
.?t 

\hen par t  number ap?ears as 52&---009, kil i taxy Ins?ection is required. 
When par t  number a?paxs as S26----G11 * #  

)1.7 

L 8  

1.9 

1.10 

2. 

2.1 

2.2 

Paragraph 1.0 and 2.1, the operating t c i i r a t u e  rulge is C' to +&lop* "3 

Paragraphs 2.2 and 2.3 are deleted. 

Note 1 ~ b r  aeqraeacy, by definition, i s  fc xC. (See TaSic I) 

Note 2 Passband, by definition, i s  the frequency band between f c  -0.2 XC and 
f c  4.2 KC. 

Impedanca: T!-,e f i l t e r s  s h a l l  be . s ed  a?d tested hi a c l r z d ' ,  that ix-~s:nts 
'600 ohms res i s t ive  in2z: ana outpt impedarxc. 
yesmGted, no limits bakg placed on the value of resoriaking ca3aci2j 
reeded, ( x - a ~ h i ~  value UO uuf.) %?e resonathg ca2acity sha l l  not be 
varied when running tmperature t e s t s .  

The fZtc.,-s  IS^ be sezies 

Note 3 Insertion Loss: Tile i n s c t i o n  l o s s  of the filters in the c l rcc i t  dcscribcd 
in Paragra2h 1.9 s h a l l  r,ot exceed 8 db measured a t  the center froqucccy, 
but shal l  be 5 ab or greater. 

- ra t ing Temporature Range: The above e lec t r i ca l  requirements s h i l l  be rzet aver 
the operating tenqerature range of -25.C t o  t6S"C. 

Vibration: The f i l t e r s  s h a l l  be tested i n  accordance wLth :*:ethoc 2Gb, Test 
Coniition C ,  P a r t  2 of EX,-STD-2026 datad October 2b, 1556, 15th t h o  
exception tha t  tho peak acceleration s h a l l  be 20 G a i i  that  thcy a x  t o  
bo vibrated in any ono direction ?emndic\ilar towtkLe len: th of t h o  filter. 

NO. 5 2 6 - 9 ~ 3 ~ / 9 ~ ~ 4 ~ >  

ShEET 2 of!! 

) UNLESS OTHERWISE SPECiFiEa 
DIMENSIONS A R E  IN INCHES 

TOLERANCES ON 
FRACTiOtdS DECIMALS ANGLES , 

-1 /64 z.005 21' 
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) UNLESS OTHERWISE SPECIFIED I CODE lDENT 
NO. DIMENSIONS ARE IN INCHES 

TOLERANCES ON 95105 
FRACTIONS DECIMALS ANGLES , 

3 

SIZE I 
+ ~26-3L30/9Uk-00 A 

L. 
L.1 

12EV 
2.2.1 Vibration Modulation: Dur ing  vibration, h5 th  a cecter frsqLency ( fc) 

ir,p\;t signal of ixql i tude such tha t  thc  r ' i l tcr  oLt?ut is 1 vol t  ?2S, 
t h e  output  shal l  be xonitored to detect nodLation. 
aspears on the t e s t  sipal, its anplitude shall not exceed the fol- 
laring limits referenced t o  a 1 v o l t  WS, RF, 100 percent rriodulated 

i f  riodulation 

signal. 

From 55 q s  t o  800 cps 
From 800 cps to 1,000 cps 
&From 1,000 c?s t o  2,000 cps 

LO db attenuation 
35 db a t t e n u a t i o n  
30 db attenuation 

Shock: The filters shal l  be capable of witl-ishidhg shock, 100 G foz eleven (11) 
millisecond duration, consisting of f ive  ( 5 )  blcjvs 5a each of  tu0 (2) 
directions in each of three (3) mutually perpen6icular plancs. 
shall be p e r f o m d  in accordance with >lethod 202A, of YZLSTib202A, 

tion af a1ectpicol performance. 

The test 

dated 24 October 1956, and the t i l t ers  s h a l l  

XEC??!ICAL REQUI2EXEN"S : 

Cons true ti on : Hemetically sealed. 

Casea Cartridge brass; see figure for dimensional detai ls .  

Finish8 Nickel plate, Type V I ,  Class 2, im accordance with the latest version 
of QQ-N-290. 

Nameplate: A sui table  metal f o i l  or decalcmania nmeplate s h a l l  be attached t o  
the fflter axid shall include the f o l l o - P i g  data: 

& U h  Type 
2erial NuYber 0;' Date C O ~ O  Stazi? 
Collins P a r t  Ntm5zr 

Silk screening or rubber st,zTped iccnt i f icat ion darva nay le ~ e d  in l i c z  

after subjection t o  the emiromental  t e s t s  of ?=a. j. 
of a nanepiate, PI. ,fie na+le9lztvc shc2 =.z.zh 2iAmJy attacked asd legibiti 

€%Auction Inspection Tests: AU units s h a l l  be tested f o r  th following: 
1. Visual Inspection f o r  mechanical roqufranents and wazlonanship. 
2, Electr ical  Requirements of Para. 1, 
3. Esviromental Requirements of Para. 2. 



,fc (KC) 

!!NLESS GTHERWISE SPECiFlED 
DIMENSIONS ARE IN INCHES 

TOLERANCES ON 
FRACTIONS DECIMALS ANGLES 

-1 /64 r .005 - t i" 

473.96 
478.70 

+-[ n1 - ) + ? / ~ : . l  1 ,  iF >Lu-7crdv/ /---- 

SIZE I CODE JDENT 
K9. 

95105 A 
, 

SCALE KOXE 1 !4T I SHEET k o r ' k  

INPVT, 

\ 

Col l ins  me Eo. 

,- ouTPu-i- 
/ 

i. 

LGRouND \-NAMEPLATE, CEdTElRED CPPOSITE 
TERM"AL G R O U N D  T E R M I M A L  A S S H O W N ,  


